Wronskian and Gram Solutions to Integrable Equations using Bilinear Methods by Wiggins, Benjamin
University of Vermont
ScholarWorks @ UVM
Graduate College Dissertations and Theses Dissertations and Theses
2017
Wronskian and Gram Solutions to Integrable
Equations using Bilinear Methods
Benjamin Wiggins
University of Vermont
Follow this and additional works at: https://scholarworks.uvm.edu/graddis
Part of the Applied Mathematics Commons, Mathematics Commons, and the Physics Commons
This Thesis is brought to you for free and open access by the Dissertations and Theses at ScholarWorks @ UVM. It has been accepted for inclusion in
Graduate College Dissertations and Theses by an authorized administrator of ScholarWorks @ UVM. For more information, please contact
donna.omalley@uvm.edu.
Recommended Citation
Wiggins, Benjamin, "Wronskian and Gram Solutions to Integrable Equations using Bilinear Methods" (2017). Graduate College
Dissertations and Theses. 751.
https://scholarworks.uvm.edu/graddis/751
Wronskian and Gram Solutions to
Integrable Equations using Bilinear
Methods
A Thesis Presented
by
Benjamin Wiggins
to
The Faculty of the Graduate College
of
The University of Vermont
In Partial Fulfillment of the Requirements
for the Degree of Master of Science
Specializing in Mathematics
May, 2017
Defense Date: April 3rd, 2017
Thesis Examination Committee:
Jianke Yang, Ph.D., Advisor
David Neiweem, D.M.A., Chairperson
Chris Danforth, Ph.D.
Cynthia J. Forehand, Ph.D., Dean of Graduate College
Abstract
This thesis presents Wronskian and Gram solutions to both the Korteweg-de Vries
and Kadomtsev-Petviashvili equations, which are then scalable to arbitrarily large
numbers of interacting solitons.
Through variable transformation and use of the Hirota derivative, these nonlinear
partial di erential equations can be expressed in bilinear form. We present both
Wronskian and Gram determinants which satisfy the equations.
N=1,2,3 and higher order solutions are presented graphically; parameter tuning and
the resultant behavioral di erences are demonstrated and discussed. In addition, we
compare these solutions to naturally occurring shallow water waves on beaches.
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Chapter 1
Introduction
Solitons were famously first observed and recorded in 1834 by John Scott Russell,
who happened to see one produced by a horse-drawn boat in a canal which suddenly
stopped.[1] He noted some of the main features, namely constant height, shape and
speed. Had he been able to witness it colliding with another soliton, he may have
also remarked that both waves came out of the interaction unchanged, another of its
remarkable properties.
In 1895, Diederik Korteweg and Gustav de Vries developed the Korteweg-de Vries
(KdV) nonlinear partial di erential equation which admitted solutions to Russell’s
observed wave.[2] In the years to follow, certain more advanced analytical solutions
were developed, primarily the inverse scattering method by Cli ord Gardner, John
Greene, Martin Kruskal, and Robert Miura.[3][4]
The subject took a major leap forward with Ryogo Hirota’s direct method. First
published in 1972 and culminating with his 2004 book, he has detailed a method for
bilinearizing both the KdV and Kadomtsev-Petviashvili (KP) equation, KdV’s analog
in higher dimensions, among other equations.[5][6] His method hinges on a di erential
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operator of his own invention, the Hirota Derivative, which is described in Chapter
2.
In 2013, Eric Roma of the University of Vermont published his Master’s thesis on
the topic, and that is the main source of the work presented here.[7] We follow some
of his introductory material, showing Wronskian and Gram determinant solutions for
KdV and KP. This paper diverges by numerically solving the 2+1 dimensional KP
with Gram determinant solutions, and by beginning to catalogue soliton parameters.
We also plot some unusual solutions not yet seen in the literature.
Finally, we will compare the numerical solutions with the real thing, directly
observed ocean solitons on Cape Cod in 2016, following the work of Ablowitz and
Baldwin.[8]
2
Chapter 2
Bilinearization of soliton equations
2.1 Bilinearization of the Korteweg-de
Vries (KdV) equation
2.1.1 Variable transformation
It is well known that the non-dimensionalized version of the KdV equation admits
solitary wave (soliton) solutions.
ut + uxxx + 6uux = 0 (2.1)
If we set u = 2(ln f)xx, where f = f(x, t), this becomes
3
2(ln f)xxt + 2(ln f)xxxxx + (3u2)x = 0 (2.2)
We can obtain the bilinear form of KdV as follows: By first integrating with respect
to x, we get
2(ln f)xt + 2(ln f)xxxx + 3u2 = C0 (2.3)
Solving for each term,
2(ln f)xt = 2
1fx
f
2
t
= 2
1fxtf ≠ ftfx
f 2
2
= 2fxt
f
≠ 2fxft
f 2
2(ln f)xxxx = 2
C
fxxf ≠ f 2x
f 2
D
xx
= 2
C
(fxxxf + fxxfx)f 2 ≠ 2f 2fxfxx
f 4
≠2fxfxxf
2 ≠ 2ff 3x
f 4
D
x
= 2
A
fxxx
f
≠ 3fxfxx
f 2
+ 2f
3
x
f 3
B
x
= 2
C
fxxxxf ≠ fxfxxx
f 2
≠ 3
A
(f 2xx + fxfxxx)f 2 ≠ 2ff 2xfxx
f 4
B
+ 2
A
3f 2xfxxf 3 ≠ 3f 2f 4x
f 6
BD
= 2fxxxx
f
≠ 8fxfxxx
f 2
≠ 6f
2
xx
f 2
+ 24f
2
xfxx
f 3
≠ 12f
4
x
f 4
3u2 = 3 ·
A
2
C
fx
f
D
x
B2
= 3 ·
A
2ffxx ≠ 2f 2x
f 2
B2
= 12f
2f 2xx ≠ 24ff 2xfxx + 12f 4x
f 4
= 12f
2
xx
f 2
≠ 24f
2
xfxx
f 3
+ 12f
4
x
f 4
4
Several terms cancel, leaving
2fxt
f
≠ 2fxft
f 2
+ 2fxxxx
f
≠ 8fxfxxx
f 2
+ 6f
2
xx
f 2
= C0
We can simplify by multiplying both sides of the equation by f
2
2
f · fxt ≠ fxft + f · fxxxx ≠ 4fxfxxx + 3f 2xx = C1f 2
If we assume the logical boundary condition u(x, t) æ 0 as x æ ±Œ, this implies
C1 = 0
f · fxt ≠ fxft + f · fxxxx ≠ 4fxfxxx + 3f 2xx = 0 (2.4)
2.1.2 Hirota derivative
Ryogo Hirota defined the following di erential operator, commonly known as Hirota’s
Direct Method or the Hirota Derivative. (Sec. 1.5 of [6])
In one variable:
Dnx(f, g) © Dnx(f · g) © (
ˆ
ˆx
≠ ˆ
ˆy
)nf(x)g(y)|y=x
e.g. n = 1
Dx(f · g) = (ˆx ≠ ˆy)f(x)g(y)|y=x
= [f Õ(x)g(y)≠ f(x)gÕ(y)]y=x
5
= f Õ(x)g(x)≠ f(x)gÕ(x)
n = 2
D2x(f · g) = (ˆx ≠ ˆy)2f(x)g(y)|y=x
= (ˆxx ≠ 2ˆxˆy + ˆyy)f(x)g(y)|y=x
= f ÕÕ(x)g(y)≠ 2f Õ(x)gÕ(y) + f(x)gÕÕ(y)|y=x
= f ÕÕ(x)g(x)≠ 2f Õ(x)gÕ(x) + f(x)gÕÕ(x)
In two variables, the operator is defined as follows:
Dmt D
n
x(f, g) © Dmt Dnx(f · g) ©
ˆn
ˆsn
ˆm
ˆym
f(t+ s, x+ y)g(t≠ s, x≠ y)|s=0,y=0
We will use the equivalent definition
Dmt D
n
x(f · g) © (ˆt ≠ ˆt˜)n(ˆx ≠ ˆx˜)m[f(t, x)g(t˜, x˜)]t˜=t,x˜=x
Using this operator, we can produce the LHS of equation (2.4): (Sec. 2.2 of [7])
1
2(D4x +DxDt)(f · f) = f · fxt ≠ fxft + f · fxxxx ≠ 4fxfxxx + 3f 2xx
Whenever we can express a polynomial P(D) of the D-operator as P (D)(f · f) = 0,
we call this the bilinear form (Sec. 1.4 of [6]), and this is indeed what we have when
we apply the variable transformation u = 2(ln f)xx to the form of KdV in (2.1).
1
2(D
4
x +DxDt)(f · f) = 0 ∆ (D4x +DxDt)(f · f) = 0 (2.5)
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2.1.3 Dimension reduction of the Wronskian KP
Solution
The Kadomtsev-Petviashvili (KP) equation can be thought of as an extension of the
KdV equation into two spatial dimensions plus time:
(ut + uxxx + 6uux)x + uyy = 0
It has a known bilinear hierarchy, the form of the 2+1 dimensional bilinear solution
being:
(D4x1 ≠ 4Dx1Dx3 + 3D2x2)(· · ·) = 0 (2.6)
Through dimension reduction, namely eliminating x2, and by setting x1 = x and
x3 = ≠4t we will be left with equation (2.5), with · as the function which satisfies
the equality.
So we take the known solution to (2.6), and in fact the entire KP hierarchy: [9]
· = ·N =
----------------
Ï1 ˆx1Ï1 ˆ
2
x1Ï1 · · · ˆN≠1x1 Ï1
Ï2 ˆx1Ï2 ˆ
2
x1Ï2 · · · ˆN≠1x1 Ï2
... ... ... . . . ...
ÏN ˆx1ÏN ˆ
2
x1ÏN · · · ˆN≠1x1 ÏN
----------------
, where Ïi satisfy
ˆÏi
ˆxj
= ˆ
jÏi
ˆxj1
(2.7)
7
and examine the three dimensional case. The simplest nontrivial solution is
Ïi(x1, x2, x3) = –iepix1+p
2
i x2+p3i x3 + —ieqix1+q
2
i x2+q3i x3 (2.8)
where –i, —i, pi, qi are arbitrary constants.
We can separate x2 from the equation by first setting qi = ≠pi,
Ïi(x1, x2, x3) = –iepix1+p
2
i x2+p3i x3 + —ie≠pix1+p
2
i x2≠p3i x3
= ep2i x2(–iepix1+p
3
i x3 + —ie≠pix1≠p
3
i x3)
and then by setting x2 = 0, producing a two dimensional Ïi which satisfies the
required conditions, call it Ïˆi
Ïˆi(x1, x3) = –iepix1+p
3
i x3 + —ie≠pix1≠p
3
i x3 (2.9)
2.1.4 Single soliton solution
Setting N = 1, and using ·ˆ to denote the dimension-reduced ·
·ˆ = ·ˆ1 = Ïˆ1 = –1ep1x1+p
3
1x3 + —1e≠p1x1≠p
3
1x3
·ˆ is now the f in equation (2.5), and we make our original change of variable,
u(x, t) = 2(ln ·ˆ)xx, producing
u(x1, x3) = 2(ln ·ˆ)x1x1 =
8–1—1p21
(–1ep1x1+p31x3 + —1e≠p1x1≠p31x3)2
8
If we set –1 = —1 = 1, and plug in x1 = x and x3 = ≠4t
u(x1, x3) = 2(ln ·ˆ)x1x1 = 2p21
4
(ep1x≠4p31t + e≠p1x+4p31t)2
Since sech(x) = 2
ex + e≠x , we get the N=1 solution
u(x, t) = 2p21sech2(p1x≠ 4p31t) (2.10)
Figure 2.1: N= 1 solution with – = — = 1, p1 = 1.5
9
2.1.5 2-soliton solution
For N=2
·ˆ = ·ˆ2 =
--------
Ïˆ1 ˆx1Ïˆ1
Ïˆ2 ˆx1Ïˆ2
-------- = Ïˆ1 · ˆx1Ïˆ2 ≠ Ïˆ2 · ˆx1Ïˆ1
Ïˆ1 = –1ep1x1+p
3
1x3 + —1e≠p1x1≠p
3
1x3
Ïˆ2 = –2ep2x1+p
3
2x3 + —2e≠p2x1≠p
3
2x3
We can simplify by setting ◊1 = p1x1 + p31x3, ◊2 = p2x1 + p32x3
Ïˆ1 = –1e◊1 + —1e≠◊1 Ïˆ2 = –2e◊2 + —2e≠◊2
·ˆ = (–1–2)(p2 ≠ p1)e◊1+◊2 ≠ (–1—2)(p1 + p2)e◊1≠◊2
+(–2—1)(p1 + p2)e◊2≠◊1 ≠ (—1—2)(p2 ≠ p1)e≠◊1≠◊2
Using the same variable transformation, u(x, t) = 2(ln ·ˆ)x1x1 = 2
·ˆ ·ˆx1x1 ≠ ·ˆ 2x1
·ˆ 2
To avoid ·ˆ = 0, we can ensure that each term in ·ˆ is positive by constraining our
choice of constants such that –1,–2, —1 > 0, —2 < 0, and let p2 > p1. ([7], p.10)
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Figure 2.2: N= 2 numerical approximation with p1 = 1, p2 = 1.6,
–1 = 1,—1 = 1,–2 = 1,—2 = ≠2
2.2 Gram Solutions for the
KP equation
It has been shown that the KP bilinear hierarchy is also satisfied by the Gram
determinant (Sec. 3.2 of [6]), defined as
11
ÎN = det1Æi,jÆN(mij)
mij = cij +
⁄ x1
ÏiÂjdx1 cij = 0 if i ”= j
ˆ
ˆxn
Ïi =
ˆn
ˆxn1
Ïi (i = 1, 2, . . . , N)
ˆ
ˆxn
Âj = (≠1)n≠1 ˆ
n
ˆxn1
Âj (j = 1, 2, . . . , N)
Z_____________^
_____________\
(2.11)
These conditions on Î cause it to satisfy (2.6)
(D4x1 ≠ 4Dx1Dx3 + 3D2x2)(Î · Î) = 0
The natural choices for Ï and Â to satisfy (2.11) are
Ïi = e(pix1+p
2
i x2+p3i x3)
Âj = e(≠qjx1≠q
2
jx2≠q3jx3)
And we get:
ÎN = det1Æi,jÆN(mij) =
----cij + s x1 ÏiÂjdx1----
=
----cij + s x1 e(pix1+p2i x2+p3i x3)e(≠qjx1≠q2jx2≠q3jx3)dx1----
=
----cij + s x1 e(pi≠qi)x1+(p2i≠q2j )x2+(p3i≠q3j )x3dx1----
=
-----cij + 1pi ≠ qj e(pi≠qj)x1+(p2i≠q2j )x2+(p3i≠q3j )x3
----- (2.12)
The Roma thesis dealt with transforming this equation into two dimensions, as we did
above with the Wronskian solution, to model KdV. However, since it satisfies the full
KP expression, we will examine numerical solutions without dimension reduction, to
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visualize and explore (2+1)-dimensional solitons. Furthermore, since we are working
numerically, there is no upper bound on N.
We will use the same transformation of variables, u = 2(ln Î)x1x1 , so our constraints
will be:
Y________]________[
pi ”= qj
Î > 0∆ pi > qj
cij = 0 if i ”= j(initially)
2.2.1 N=1 Parameter Exploration
For N =1, the Gram determinant is
Î = c+ 1
p≠ q e
(p≠q)x+(p2≠q2)y≠4(p3≠q3)t (2.13)
Varying c simply translates the soliton, as demonstrated in Figure 2.3, with t fixed
at zero, p = 1, q = ≠0.7 and c varying from 1 (left) to 1010(right).
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Figure 2.3: Soliton translation by varying c
Figure 2.4 shows a single soliton traveling in time. As expected, height and shape are
preserved.
The parameters p and q rotate the soliton and change its amplitude, width and speed.
Decreasing p lowers amplitude, increases width, rotates the soliton clockwise and
slows its speed. Figure 2.5 shows a soliton with c = 1, q = ≠0.7 and p varying from
1 (left) to to 0.6 (right), both of them going from t = 0 to t = 6.
Decreasing q increases amplitude, decreases width, rotates the soliton clockwise and
increases its speed. Figure 2.6 shows a soliton with c = 1, p = ≠0.8 and q varying
from 0.2 (left) to to -0.6 (right), both of them going from t = 0 to t = 10.
14
Figure 2.4: Single soliton moving in time; p = 1, q = -1, c = 1
Figure 2.5: Varying p
Figure 2.6: Varying q
15
2.2.2 N=2 Parameter Exploration
For N=2 and higher order solutions, we can make use of c to translate and separate
solitons when necessary.
Figure 2.7 shows the numerical solution at t = 0 with p1 = 1, q1 = ≠1, p2 = 1.1,
q2 = ≠1.1, c11 = 1, c22 = 107.
As we learned in the N=1 parameter survey, taller, narrower solitons move faster,
and these are headed in the positive x-direction. Figure 2.8 shows the higher soliton
outpacing the other at t = 10.
Figure 2.7: Parallel solitons
16
Figure 2.8: 2.7 solution at t = 10
Figure 2.9: Perpendicular solitons
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By adjusting pi and qi appropriately, we can obtain perpendicular solitons as in figure
2.9, where p1 = 1.12, q1 = ≠.31, p2 = 1.15, q2 = ≠1.8, c11 = 1, and c22 = 107.
Over time, the solitons travel perpendicular to their respective wavefronts, so this
interface changes position but the picture remains the same. (Note the changed
values on the y-axis)
Figure 2.10: The same solitons at t = 5
These interactions are nonlinear, and if we choose the right parameters, we can see
positive interference instead of negative at the interface.
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Figure 2.11: p1 = ≠1, q1 = ≠2, p2 = 2, q2 = 1, c11 = 1, c22 = 1
We defined the Gram determinant (2.11) as only having nonzero cij values on the
diagonal, as per Roma’s conditions. However, it appears that o -diagonal nonzero
values still allow Î to satisfy the bilinear 2+1 KP. Using the previous pi and qi values,
we solved the equation for all possible Cij values at multiple x, t coordinates, at zero
and nonzero values of u, and (2.6) was satisfied (Appendix A). While not a proof, it
is highly unlikely that this could succeed were it not a valid solution.
If we modify the o -axis elements of the Cij matrix, some interesting e ects can
occur.
19
Figure 2.12: p1 = ≠1, q1 = ≠2, p2 = 2, q2 = 1, c11 = 1, c12 = ≠2, c21 = 3, c22 = 4
20
Figure 2.13: Same solution, top view
21
Figure 2.14: p1 = ≠1, q1 = ≠2.3, p2 = 1.5, q2 = ≠0.25, c11 = 1, c12 = ≠2, c21 = 3, c22 = 4
22
Figure 2.15: p1 = ≠1, q1 = ≠2.3, p2 = 1.5, q2 = ≠0.25, c11 = 1, c12 = ≠2000, c21 = 3, c22 = 4
2.2.3 N Ø 3
The parameter space is large; we present a few interesting cases:
23
Figure 2.16: p1 = ≠1, q1 = ≠2.3, p2 = 1.5, q2 = ≠0.25, p3 = 1.7, q3 = ≠0.3, c11 = 1, c22 =
1, c33 = 1
24
Figure 2.17: p1 = ≠1, q1 = ≠2.3, p2 = 1.5, q2 = ≠0.25, p3 = 1.7, q3 = ≠0.3, p4 = 2, q4 =
≠.5, c11 = 1, c22 = 1, c33 = 1, c44 = 1
Figure 2.18: p1 = .1, q1 = ≠0.7, p2 = .3, q2 = ≠1.4, p3 = 0.8, q3 = ≠1.5, p4 = 1, q4 = ≠1.52
25
Constant matrix for Figure 2.18
C =
----------------
1 0 ≠1 0
≠10 1000 0 0
0 0 1 ≠1000
0 0 0 1
----------------
26
Chapter 3
Naturally Occurring Solitons
3.1 Paines Creek Beach, Cape Cod
In August of 2016, I sought out a flat expanse of beach on which to find solitons.
Some locals were happy to guide me to Paines Creek Beach, on the inland side of the
Cape. [10]
Figure 3.1: Paines Creek Beach parking lot
27
Figure 3.2: Paines Creek flats
We arrived at low tide and began walking toward the water. The ocean on the
horizon never appeared to get any closer, as Figure 3.2 explains. But once the tide
started to come in and the ocean was about ankle-deep, solitons formed on all sides.
Figure 3.3: Shallow water solitons
Strong wind interfered at times; otherwise, this repeating X-pattern
was everywhere.
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Figure 3.4: Soliton zoom-in
Figure 3.5: p1 = 0.6, q1 = ≠0.6, p2 = 0.7, q2 = ≠0.7, p3 = 1.6, q3 = ≠0.8, p4 = 1.7, q4 =
≠0.9, c11 = 1, c22 = 109, c33 = 1015, c44 = 1
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Chapter 4
Conclusion
Hirota’s direct method is an extremely powerful way to simplify and compute the
solutions to KdV and KP. The solutions described herein can be reproduced to plot
any number of interacting solitons, and are not limited to three dimensions.
Next steps might include a rigorous proof of allowable Cij values where i ”= j, as
well as a more thorough parameter sweep for unusual soliton configurations. Even
when choosing legal parameter values, there is some di culty in avoiding numerical
error propagation. This search could be automated.
While it is di cult to come up with particular knobs to turn, so to speak, when
dealing with N = 3 and higher, due to the large number of terms and combined
constants, we feel these are useful first steps in cataloguing the parameter choices
for certain types of soliton interactions, and can be a useful starting point for future
research.
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Appendix A
Mathematica Code
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ClearAll[c]
cmat = c1,1 c1,2c2,1 c2,2c1,1, c1,2, c2,1, c2,2
MatrixForm[cmat]
c1,1 c1,2
c2,1 c2,2
pvec = {-1, 2}{-1, 2}
{-1, 2}{-1, 2}
qvec = {-2, 1}{-2, 1}
{-2, 0}{-2, 0}
m1,1 = cmat[[1, 1]] + 1
pvec[[1]] - qvec[[1]]ⅇ(pvec[[1]] - qvec[[1]]) x + (pvec[[1]]^2 - qvec[[1]]^2) y - 4 (pvec[[1]]^3 - qvec[[1]]^3) t ;
m1,2 = cmat[[1, 2]] + 1
pvec[[1]] - qvec[[2]]ⅇ(pvec[[1]] - qvec[[2]]) x + (pvec[[1]]^2 - qvec[[2]]^2) y - 4 (pvec[[1]]^3 - qvec[[2]]^3) t;
m2,1 = cmat[[2, 1]] + 1
pvec[[2]] - qvec[[1]]ⅇ(pvec[[2]] - qvec[[1]]) x + (pvec[[2]]^2 - qvec[[1]]^2) y - 4 (pvec[[2]]^3 - qvec[[1]]^3) t;
m2,2 = cmat[[2, 2]] + 1
pvec[[2]] - qvec[[2]]ⅇ(pvec[[2]] - qvec[[2]]) x + (pvec[[2]]^2 - qvec[[2]]^2) y - 4 (pvec[[2]]^3 - qvec[[2]]^3) t;
mat = Tablemi,j, {i, 2}, {j, 2};
mat // MatrixFormⅇ-28 t+x-3 y + c1,1 - 12 ⅇ8 t-2 x + c1,2
1
4
ⅇ-64 t+4 x + c2,1 ⅇ-28 t+x+3 y + c2,2
Printed by Wolfram Mathematica Student Edition
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S = Det[mat]
9
8
ⅇ-56 t+2 x + ⅇ-28 t+x+3 y c1,1 - 1
4
ⅇ-64 t+4 x c1,2 + 1
2
ⅇ8 t-2 x c2,1 - c1,2 c2,1 + ⅇ-28 t+x-3 y c2,2 + c1,1 c2,2
Sx = D[S, x]
9
4
ⅇ-56 t+2 x + ⅇ-28 t+x+3 y c1,1 - ⅇ-64 t+4 x c1,2 - ⅇ8 t-2 x c2,1 + ⅇ-28 t+x-3 y c2,2
Sxx = D[S, {x, 2}]
9
2
ⅇ-56 t+2 x + ⅇ-28 t+x+3 y c1,1 - 4 ⅇ-64 t+4 x c1,2 + 2 ⅇ8 t-2 x c2,1 + ⅇ-28 t+x-3 y c2,2
u = 2 S Sxx - Sx^2
S^2
2 - 9
4
ⅇ-56 t+2 x + ⅇ-28 t+x+3 y c1,1 - ⅇ-64 t+4 x c1,2 - ⅇ8 t-2 x c2,1 + ⅇ-28 t+x-3 y c2,2 2 +
9
2
ⅇ-56 t+2 x + ⅇ-28 t+x+3 y c1,1 - 4 ⅇ-64 t+4 x c1,2 + 2 ⅇ8 t-2 x c2,1 + ⅇ-28 t+x-3 y c2,2
9
8
ⅇ-56 t+2 x + ⅇ-28 t+x+3 y c1,1 - 1
4
ⅇ-64 t+4 x c1,2 +
1
2
ⅇ8 t-2 x c2,1 - c1,2 c2,1 + ⅇ-28 t+x-3 y c2,2 + c1,1 c2,2 
9
8
ⅇ-56 t+2 x + ⅇ-28 t+x+3 y c1,1 - 1
4
ⅇ-64 t+4 x c1,2 + 1
2
ⅇ8 t-2 x c2,1 - c1,2 c2,1 +
ⅇ-28 t+x-3 y c2,2 + c1,1 c2,2 2
D[( D[u, t] + D[u, {x, 3}] + 6 u D[u, x]), x] + 3 D[u, {y, 2}] /. {x → -2, y → 0, t → 0}
2 - 63ⅇ4 - 28 c1,1ⅇ2 + 16 c1,2ⅇ8 + 4 ⅇ4 c2,1 - 28 c2,2ⅇ2 9ⅇ4 + c1,1ⅇ2 - 16 c1,2ⅇ8 - 4 ⅇ4 c2,1 + c2,2ⅇ2 -
- 252ⅇ4 - 28 c1,1ⅇ2 + 256 c1,2ⅇ8 + 16 ⅇ4 c2,1 - 28 c2,2ⅇ2 94 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2 -
- 126ⅇ4 - 28 c1,1ⅇ2 + 64 c1,2ⅇ8 - 8 ⅇ4 c2,1 - 28 c2,2ⅇ2 92 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2 +
- 504ⅇ4 - 28 c1,1ⅇ2 + 1024 c1,2ⅇ8 - 32 ⅇ4 c2,1 - 28 c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
2 -
4
9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
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-2 - 126ⅇ4 - 28 c1,1ⅇ2 + 64 c1,2ⅇ8 - 8 ⅇ4 c2,1 - 28 c2,2ⅇ2 94 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2 +
- 63ⅇ4 - 28 c1,1ⅇ2 + 16 c1,2ⅇ8 + 4 ⅇ4 c2,1 - 28 c2,2ⅇ2 92 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2 +
- 252ⅇ4 - 28 c1,1ⅇ2 + 256 c1,2ⅇ8 + 16 ⅇ4 c2,1 - 28 c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
3 -
16
9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
-2 9ⅇ4 + c1,1ⅇ2 - 16 c1,2ⅇ8 - 4 ⅇ4 c2,1 + c2,2ⅇ2 92 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2 +
9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2 18ⅇ4 + c1,1ⅇ2 - 64 c1,2ⅇ8 + 8 ⅇ4 c2,1 + c2,2ⅇ2 +
36ⅇ4 + c1,1ⅇ2 - 256 c1,2ⅇ8 - 16 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
3 -
4 - 63ⅇ4 - 28 c1,1ⅇ2 + 16 c1,2ⅇ8 + 4 ⅇ4 c2,1 - 28 c2,2ⅇ2
- 9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2 92 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2 +
9ⅇ4 + c1,1ⅇ2 - 16 c1,2ⅇ8 - 4 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
3 +
8 - 24  94 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2 3 9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,25 +
18
9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2 92 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
4 -
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2  9ⅇ4 + c1,1ⅇ2 - 16 c1,2ⅇ8 - 4 ⅇ4 c2,1 + c2,2ⅇ2 
 9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,23
- 9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2 92 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2 +
9ⅇ4 + c1,1ⅇ2 - 16 c1,2ⅇ8 - 4 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 +
12 - 63ⅇ4 - 28 c1,1ⅇ2 + 16 c1,2ⅇ8 + 4 ⅇ4 c2,1 - 28 c2,2ⅇ2 94 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
- 9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
2 + 9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
4 -
4 - 126ⅇ4 - 28 c1,1ⅇ2 + 64 c1,2ⅇ8 - 8 ⅇ4 c2,1 - 28 c2,2ⅇ2
- 9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
2 + 9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
3 +
2
120  9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2 4
 9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,26 -
144
9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
2 9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
5 +
24
9ⅇ4 + c1,1ⅇ2 - 16 c1,2ⅇ8 - 4 ⅇ4 c2,1 + c2,2ⅇ2 94 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
4 +
18  9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2 2
 9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,24 -
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2  18ⅇ4 + c1,1ⅇ2 - 64 c1,2ⅇ8 + 8 ⅇ4 c2,1 + c2,2ⅇ2 
 9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,23
- 9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
2 + 9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 +
36
9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
2
- 9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2
2 + 18ⅇ4 + c1,1ⅇ2 - 64 c1,2ⅇ8 + 8 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
4 -
12
9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2
- 9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2
2 + 18ⅇ4 + c1,1ⅇ2 - 64 c1,2ⅇ8 + 8 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
3 +
6
6  9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2 2
 9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,24 -
2  9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2 
 9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,23
- 9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2
2 + 18ⅇ4 + c1,1ⅇ2 - 64 c1,2ⅇ8 + 8 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 +
2 -2 9ⅇ4 + c1,1ⅇ2 - 16 c1,2ⅇ8 - 4 ⅇ4 c2,1 + c2,2ⅇ2
2 + 2 36ⅇ4 + c1,1ⅇ2 - 256 c1,2ⅇ8 - 16 ⅇ4 c2,1 + c2,2ⅇ2
9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2 - 92 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2
+
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18ⅇ4 + c1,1ⅇ2 - 64 c1,2ⅇ8 + 8 ⅇ4 c2,1 + c2,2ⅇ2 + 72ⅇ4 + c1,1ⅇ2 - 1024 c1,2ⅇ8 + 32 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
2 +
12 - 9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2 92 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2 + 9ⅇ4 + c1,1ⅇ2 -
16 c1,2ⅇ8 - 4 ⅇ4 c2,1 + c2,2ⅇ2 98 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
2 - 9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2 92 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2 +
9ⅇ4 + c1,1ⅇ2 - 16 c1,2ⅇ8 - 4 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
2 -
4
9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
- 9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
2 + 9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
3 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
2 -
24
9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
- 9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
2 + 9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
2 - 9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2 92 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2 +
9ⅇ4 + c1,1ⅇ2 - 16 c1,2ⅇ8 - 4 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
2 -
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98 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
2 -
4
9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
- 9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
2 + 9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
3 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
3 +
12 - 9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
2 + 9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
- 8 9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2 - 94 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2 + 9ⅇ4 + c1,1ⅇ2 - 16 c1,2ⅇ8 - 4 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
3 +
12
9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
2 - 9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
2 +
9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
4 -
4
9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2
- 9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
2 + 9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
3 +
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2 - 9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2
2 + 18ⅇ4 + c1,1ⅇ2 - 64 c1,2ⅇ8 + 8 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
2 +
3 - 8 3 c1,1ⅇ2 - 3 c2,2ⅇ2 -2 3 c1,1ⅇ2 - 3 c2,2ⅇ2 94 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2 +
3 c1,1ⅇ2 - 3 c2,2ⅇ2 92 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2 +
3 c1,1ⅇ2 - 3 c2,2ⅇ2 98 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
3 +
2
6  3 c1,1ⅇ2 - 3 c2,2ⅇ2 2
 9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,24 -
2  9 c1,1ⅇ2 + 9 c2,2ⅇ2 
 9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,23
- 9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2
2 + 9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 +
2 -2 9
4 ⅇ4 + c1,1ⅇ2 - c1,2ⅇ8 - ⅇ4 c2,1 + c2,2ⅇ2 9 c1,1ⅇ2 + 9 c2,2ⅇ2 +
9
2 ⅇ4 + c1,1ⅇ2 - 4 c1,2ⅇ8 + 2 ⅇ4 c2,1 + c2,2ⅇ2 9 c1,1ⅇ2 + 9 c2,2ⅇ2 +
9 c1,1ⅇ2 + 9 c2,2ⅇ2 98 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2 
9
8 ⅇ4 + c1,1ⅇ2 - c1,24 ⅇ8 + 12 ⅇ4 c2,1 - c1,2 c2,1 + c2,2ⅇ2 + c1,1 c2,2
2
FullSimplify[%]
0
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